Data of the MODerate resolution Imaging Spectro-radiometers (MODIS) on the Terra and Aqua satellites are widely used for global and regional monitoring of active fires. MODIS, with their infrared channel resolution of 1 km at nadir do omit small fires, which leads to an underestimation of the cumulative fire radiative power (FRP) on a regional or global scale. In order to estimate the significance of this effect, we compared the number and characteristics of fires detected by Terra/MODIS with those detected by the DLR small satellite BIRD. BIRD is dedicated for fire recognition, providing a resolution of 370 m at nadir in its infrared channels and allows the detection of smaller fires than MODIS by a factor of 7. For the comparison we used data acquired nearsimultaneously by Terra/MODIS and BIRD over fires in Siberia, Australia and Portugal. The results show that (1) the FRP of more than a half of the hot clusters, which were detected by BIRD, is below the detection limit of MODIS, (2) MODIS does only slightly underestimate the cumulative FRP in ecosystems where large fires take place and therefore (3) MODIS is hardly suitable for an early fire detection, but it is an adequate instrument for cumulative FRP estimation.
INTRODUCTION
The MODerate resolution Imaging Spectro-radiometers (MODIS) on NASA's Earth Observing System (EOS) Terra and Aqua satellites have been used semi-operationally for global fire detection and monitoring since 2000 and 2002, respectively. The MODIS instruments, which are providing global data for land, ocean, and atmosphere products, may be also considered as the "workhorses" of global space-borne fire recognition. The MODIS Level 2 products MOD14 (Terra) and MYD14 (Aqua) are fundamental for fire detection. They assign to each 1-km pixel of the MODIS swath one out of nine classes, including three fire classes of various levels of confidence (from low to high). The current MODIS fire algorithm is described in detail in [1] .
The experimental Bi-spectral IR Detection (BIRD) mission of DLR successfully demonstrated the capability of compact IR push broom sensors for high resolution fire detection and quantitative analysis of high temperature events [2] , as it was reported at the 4 th IAA International Symposium on Small Satellites for Earth Observation [3] .
The objective of this paper is to reveal the complementary potential of two types of Low Earth Orbiting (LEO) IR sensors for innovative and quantitative active fire recognition:
• Whisk broom type spectro-radiometers, such as MODIS, with short pixel dwell time, and • Push-broom type imagers, such as the main sensors of BIRD, offering longer pixel dwell time, which allows the implementation of dynamic range extension by double exposition of the IR channels with different integration time.
The BIRD main sensors consist of the Hot Spot Recognition System (HSRS) and the Wide-Angle Optoelectronic Stereo Scanner (WAOSS-B) [2] . BIRD/HSRS is described in detail in [4] , [5] . • an efficient rejection of false alarms,
• an innovative approach for the satellite-based assessment of the amount of fuel burned and the estimation of direct pyrogenic carbon release, based on the use of radiative energy flux over active fires, the Fire Radiative Power (FRP) or Fire Radiative Energy release (FRE), as a measure of the intensity of burning, [8] , [9] , and
• the retrieval of further quantitative fire characteristics such as the effective fire temperature T F and effective fire area A F .
The BIRD fire detection algorithm uses the three nadir channels in a sequential thresholding procedure -as outlined in [5] and described in detail in [6] -including the use of the bi-spectral Dozier technique [7] . The principal channels for fire detection both in the MODIS and BIRD fire detection algorithms are the MIR channels at 3.9µm and 3.8µm respectively.
The RED and/or Near IR (NIR) channel data of MODIS and BIRD, respectively, are used for the rejection of false alarm from sun glint. The Thermal IR channel data are combined with MIR channel data for:
• rejection of false alarm from warm surfaces , and
• retrieval of TF and AF in the sub-pixel domain, using the Dozier technique.
The FRP, a useful parameter for the characterization of the amount of burnt vegetation and of gas and aerosol emissions by a fire, can be assessed [9] :
• using the effective fire temperature TF and effective fire area AF, or • the MIR channel signal only (with sufficient accuracy for flaming fires with temperatures > 700 K).
In this study the quantitative fire parameters were retrieved from the BIRD and MODIS data using the same methodology in order to provide directly comparable results. The methodology included the following steps:
• consolidation of contiguous hot pixels in hot clusters, • retrieval of the effective fire temperature, effective fire area and FRP for the hot clusters, • estimation of the TIR background temperature variability (background clutter) and of the confidence intervals for the effective fire temperature, effective fire area and FRP, • and for pronounced fire fronts: estimation of the front length and radiative intensity (ratio of FRP to the front length, characterising the fire front strength).
As an example, Figure 1 shows images of the area to the West of Lake Baikal from 16 July 2003, obtained by MODIS and BIRD within a 30-minute time interval. The BIRD data allow the recognition of the fire fronts and estimation of their characteristics. MODIS makes it possible to detect only separate hot pixels. An exception is a very strong fire front "1" that can be recognised both in the BIRD and MODIS data. An inter-comparison with the BIRD data allows an identification of a few false alarms in the MODIS image -indicated by the white arrows in Figure 1 -that are classified as nominal confidence fires in the MOD14 product.
CONCLUSIONS
The MODIS sensor, with a spatial resolution of 1 km, is marginally adequate for the estimation of FRP and the related estimation of the rates of burning biomass and gas and aerosol emissions at the regional and global scale. Though MODIS may miss a significant portion of small fires in comparison to BIRD, it underestimates the cumulative FRP of the fire scenes in Siberia only by ~4%. The reason is that in these scenes the major part of FRP (and consequently of the fire pollutant emissions) are produced by large fires that are reliably detectable by MODIS. In cases of fires with a relatively small front depth, what is typical for the bush fires in Australia, MODIS may significantly underestimate the FRP by up to ~50% as compared to BIRD (these cases will be explained in detail in the full paper). In this study only MODIS fire pixels with "nominal" and "high" confidence were considered. The contribution of the weak "low confidence" MODIS fire pixels to the regional FRP was negligible.
This study revealed that whisk-broom IR scanners of MODIS type on medium-tolarge satellites, and compact BIRD type push-broom IR sensors flown on micro-satellite constellations and / or payload passengers on medium-to-large satellites may complement each other very well in fire detection and monitoring.
Our study has also demonstrated the usefulness of simultaneous observations for multi-sensor active fire studies. Here we took advantage of the fact that Terra and BIRD are both part of the mid-morning constellation of polar orbiting environmental satellites. However, the orbit of BIRD is gradually drifting towards later local times of observations, making near-simultaneous fire observations increasingly difficult. 
